Background and Objective: Acute and early human immunodeficiency virus infection (AEH) is accompanied by neuroinflammatory processes as well as impairment in neurocognitive and everyday functions, but little is known about the frequency and clinical correlates of the neurobehavioral disturbances during this period. We compared pre-seroconversion with current levels of apathy, disinhibition, and executive dysfunction; we also examined everyday function and HIV disease correlates of neuropsychiatric impairment in individuals with AEH.
AEH = acute and early human immunodeficiency virus. CNS = central nervous system. EIA = enzyme immunoassay. FrSBe = Frontal Systems Behavior Scale. HAND = human immunodeficiency virus-associated neurocognitive disorders. HIV = human immunodeficiency virus.
I mmune and virologic insults that begin during acute and early human immunodeficiency virus (HIV) infection (AEH) may be related to the development of HIVassociated neurocognitive disorders (HAND). This early association is important because 30% to 50% of chronically HIV-infected individuals have HAND (Schacker et al, 1998) .
"Acute HIV infection" is commonly described as the 3-to 4-week period between HIV acquisition and development of detectable antibodies. "Early infection," the first year after seroconversion, is characterized by rapid viral replication, elevated immune response, and viral diversification (Cohen et al, 2011; Miller et al, 2010) . During periods of transient high replication, HIV is entering the central nervous system (CNS) (An et al, 1999; Davis et al, 1992) , causing neurovirologic complications in 40% to 90% of infected individuals (eg, Kerndt et al, 2009; Peluso et al, 2013; Schacker et al, 1996) .
Several studies have demonstrated brain changes in persons with AEH. Neuroimaging studies have shown alterations in brain structure and function, such as reduced resting cerebral blood flow and elevated levels of myo-inositol and glutamate in the basal ganglia (Ances et al, 2009; Lentz et al, 2009; Young et al, 2014) . Further, Lentz and colleagues (2009) found altered levels of N-acetylaspartate, glutamate-glutamine, and choline in the frontal cortex. Using functional magnetic resonance imaging, Wang et al (2011) found reduced functional connectivity in the lateral occipital resting state network. Young and colleagues' (2014) neuroimaging study of persons with AEH suggested that inflammation and gliosis can be reduced with antiretroviral therapies.
There is a growing awareness that neuroimaging abnormalities in AEH are accompanied by neurocognitive impairment. About 35% to 60% of persons with AEH show neurocognitive difficulties, most of them mild. These impairments fall midway between those of HIV-seronegative and chronically infected populations (eg, Doyle et al, 2013; Moore et al, 2011; Wang et al, 2011; Weber et al, 2013) .
Neurocognitive deficits in AEH have been found in the domains of working memory, information processing speed, and learning (Doyle et al, 2013; Moore et al, 2011; Wang et al, 2011) . These impairments have clinical implications, as they are a primary risk factor for dependence in several aspects of daily function, including the ability to hold a job (Doyle et al, 2013) . Thus, a convergence of recent studies suggests that AEH causes structural and functional CNS changes that have important implications for real-world and health-related outcomes.
The neurobehavioral disturbances that persons display during AEH provide insight into how HIV is af-fecting the CNS. Here we define neurobehavioral disturbances as a constellation of symptoms that are reliably associated with brain injury, and neuropsychiatric syndromes involving dysregulation of frontostriatal systems (Grace and Malloy, 2001) . Neurobehavioral disturbances are separable from neurocognitive impairment, but are nevertheless important determinants of an individual's real-world function (eg, Gonzalez et al, 2005; Kamat et al, 2012) .
Many persons with chronic HIV disease have neural injury of the frontostriatal circuits (eg, Chang et al, 2001; Jernigan et al, 2005) , and growing evidence suggests that frontally mediated neurobehavioral disturbances such as apathy, disinhibition, and executive dysfunction are prevalent and clinically impactful in this population (Kamat et al, 2012; Marquine et al, 2014) . For example, apathy affects approximately 40% of chronically infected persons and is independently associated with a decline in independence in activities of daily living (Kamat et al, 2012) , with medication nonadherence (Barclay et al, 2007; Rabkin et al, 2000) , and with lower health-related quality of life (Tate et al, 2003) . Indeed, rates of neurobehavioral disturbances such as disinhibition may be elevated before seroconversion and may encourage risk behaviors that can further spread HIV (Atkinson et al, 2009; Vo et al, 2013) .
Thus, it is important to understand the prevalence, correlates, and trajectory of neurobehavioral disturbances in the early phases of HIV infection. By studying persons with AEH, we can learn about the extent to which preinfection neurobehavioral factors evolve during the first year of infection.
METHODS

Participants
We studied 34 people with AEH and 39 HIV-seronegative controls (previously described in Doyle et al, 2013) . All participants came from our National Institute on Drug Abuse-funded cohort study investigating the effects of HIV infection and methamphetamine use disorders on CNS structure and function (Doyle et al, 2013) . We determined HIV infection using established methods detailed by Le and colleagues (2013) . We used one of four methods to determine AEH:
Positive To determine the HIV-positive participants' duration of infection, when they entered the study we used an algorithm that evaluated their HIV-1 serologic tests, detuned EIA tests, and HIV RNA levels (Le et al, 2013) . Table 1 includes the AEH group's HIV disease characteristics, obtained by certified research staff using a standardized neuromedical evaluation.
Exclusion criteria for both groups were a history of a severe psychiatric condition (eg, schizophrenia) or neurologic illness (eg, seizure disorder, active opportunistic CNS infection) unrelated to HIV infection or methamphetamine use, inability to provide informed consent, and an estimated verbal intelligence quotient <80 based on the Wide Range Achievement Test, 4th ed (Wilkinson and Robertson, 2006) . Table 1 also lists the demographic, neurocognitive, and psychiatric characteristics of both study groups. The AEH group had a greater proportion of men than the control group, as well as significantly higher lifetime rates of mood disorders and lifetime alcohol and other substance dependence (all P values <0.05).
Our study procedures were approved by the Human Research Protections Program at the University of California, San Diego. All participants gave written informed consent.
Procedures
All participants completed the Frontal Systems Behavior Scale (FrSBe) (Grace and Malloy, 2001) , along with comprehensive neuropsychological, psychiatric, and functional assessments. For the AEH group we also recorded CD4 cell counts and HIV status. Typically, the participants completed all the assessments during one session lasting up to 7 hours; the participants received as many breaks as needed, including one for lunch. We conducted the assessments at the HIV Neurobehavioral Research Program at the University of California, San Diego.
Frontal Systems Behavior Scale
The FrSBe is 46-item paper-and-pencil questionnaire in which participants rate how often they experience specific neurobehavioral symptoms of apathy (eg, neglecting personal hygiene), disinhibition (eg, engaging in risky behavior), and executive dysfunction (inability to plan ahead). The HIV-positive participants rated the frequency of each neurobehavioral symptom at two time points: before their HIV infection (ie, retrospectively) and at the time of evaluation (ie, currently). The HIV-negative participants also provided both retrospective (before age 20) and current ratings for each symptom.
Participants rated each question on a Likert-type scale that ranged from 1 ("almost never") to 5 ("almost always"), with higher ratings indicating more abnormal behavior. The FrSBe yields a total score as well as the three subscale scores for apathy, disinhibition, and executive dysfunction. We used age-, education-, and sex-adjusted T-scores based on the FrSBe manual's normative sample, in which a cut point of TZ65 indicates a clinical neurobehavioral disturbance.
Neurocognitive Assessment
Participants were administered a comprehensive neurocognitive test battery by trained study staff; the battery was designed to assess the domains of attention and working memory, executive functions, learning, memory, motor skills, information processing speed, and verbal fluency (for details, see Heaton et al, 2010) . We used domain T-scores for correlational analyses; we constructed them by converting raw scores from individual tests into demographically adjusted T-scores using published normative standards and then averaging the T-scores by domain (Heaton et al, 2004; Norman et al, 2011; Woods et al, 2004) .
To classify the participants by presence and severity of neurocognitive impairment, we applied a published objective algorithm that has excellent inter-rater reliability (Woods et al, 2004) . This algorithm conforms to the Frascati criteria for diagnosing HAND, which requires mild impairment in at least two of the seven domains (Antinori et al, 2007) . We classified participants as being neurocognitively normal or having asymptomatic neurocognitive impairment or a mild neurocognitive disorder.
Psychiatric Assessment
Trained study staff gave the participants the World Health Organization World Mental Health Composite International Diagnostic Interview Version 2.1 (Wittchen, 1994) . This computer-assisted interview provides a crossculturally relevant assessment of psychiatric disorders using criteria from the Diagnostic and Statistical Manual of Mental Disorders, 4th ed (Wittchen, 1994) . We used the Interview to elicit current and lifetime mood and substance (including alcohol) use disorders.
Real-World Function Assessment
In this study we used a composite variable that we had created for our previous studies (Blackstone et al, in press; Doyle et al, 2013) to represent impairment in realworld function. The assessment covered five functional domains: cognitive symptoms in daily life, basic activities of daily living, instrumental activities of daily living, employment (all measured using paper-and-pencil questionnaires), and clinician-rated global function. Within each of these domains, we divided participants into "impaired" (score = 1) or "normal" (score = 0) groups according to established procedures. Total scores ranged from 0 to 5, with higher scores indicating more severe functional impairment. For details, see Doyle et al (2013) .
Statistical Design
To investigate pre-infection neurobehavioral disturbances, we conducted three multiple linear regression analyses to study the association between AEH and preinfection levels of apathy, disinhibition, and executive dysfunction. Because sex and lifetime history of mood and substance use disorders differed between our AEH and control groups, we entered these variables as covariates in each of the three models. Next, we performed paired t tests to examine changes in neurobehavioral disturbances following HIV infection. To explore the effect of AEH on neurobehavioral disturbances, we performed separate multiple linear regression analyses, with key demographic and psychiatric variables included as covariates. Finally, we examined the everyday function, neuropsychiatric, and clinical correlates of neurobehavioral disturbance in AEH using Spearman rank correlations and t tests. We set the significance threshold at P = 0.05 for all analyses.
RESULTS
Pre-Infection Neurobehavioral Disturbances
The overall model assessing the association between AEH and apathy was significant (adjusted R 2 = 0.14, P < 0.01), showing that the AEH group (b = À 0.43, P < 0.01) had higher pre-infection apathy ratings than the controls' retrospective ratings. Although AEH had a simple univariate effect on disinhibition (Cohen d = 0.63, P < 0.01), the multivariable regression including sex and psychiatric factors was not significant (P > 0.10). Finally, the overall model for executive dysfunction was significant (adjusted R 2 = 0.12, P = 0.01), revealing that the AEH group had higher pre-infection executive dysfunction ratings than the controls' retrospective ratings (b = À 0.33, P = 0.01).
Sex, mood, and substance use disorders did not emerge as significant factors in any of these pre-infection regressions.
Neurobehavioral Changes After Seroconversion
Within the AEH group, we conducted paired t tests using the participants' "before" and "after" seroconversion ratings of apathy, disinhibition, and executive dysfunction to examine changes in their neurobehavioral disturbances following HIV infection. For the continuous neurobehavioral scores, self-reported apathy (mean change = 7.55, standard error = 2.49; Cohen d = 0.52) and executive dysfunction (mean change = 4.41, standard error = 2.10; Cohen d = 0.36) both increased after HIV infection (all P values <0.05). Perceived levels of disinhibition did not change significantly after infection (mean change = 2.06, standard error = 1.47, P = 0.17; Cohen d = 0.24).
The proportions of participants with AEH who experienced incidental clinical elevations in neurobehavioral symptoms following seroconversion (ie, preinfection FrSBe T-scores <65 but current ratings Z65) were 28% with apathy, 13% with disinhibition, and 21% with executive dysfunction.
Neurobehavioral Disturbances During AEH
We conducted separate multiple linear regression analyses to investigate the effect of AEH on current apathy, disinhibition, and executive dysfunction, while controlling for sex and lifetime histories of mood and substance use disorders. Table 2 shows that across all three domains, the overall regressions were significant (all P values <0.001), with AEH emerging as the sole significant independent predictor of higher levels of neurobehavioral disturbances (all P values r0.01). Figure 1 shows the percentages of participants in each study group whom we classified as having clinical neurobehavioral symptoms (FrSBe T score Z65) based on their overall level of self-reported current symptoms as well as their self-reported levels of current apathy, disinhibition, and executive dysfunction. In the AEH group, 32% of participants reported current symptoms, specifically 38% apathy, 21% disinhibition, and 29% executive dysfunction. These percentages were significantly higher than those in the seronegative group, in which only 3% reported clinically elevated levels of apathy (w 2 = 14.52, P < 0.001; odds ratio = 22.90, 95% confidence interval = 2.79 to 187.65), 5% disinhibition (w 2 = 3.53, P = 0.04; odds ratio = 4.66, 95% confidence interval = 0.89 to 24.26), and none executive dysfunction (w 2 = 12.9, P < 0.001; odds ratio = 33.01, 95% confidence interval = 4.96 to À 1.14).
Clinical and Neuropsychiatric Correlates of Neurobehavioral Disturbances in AEH
Our next analyses investigated the HIV disease and neuropsychiatric correlates of neurobehavioral disturbances in the AEH group. For these analyses, we used the total current FrSBe T-score in an effort to reduce type I error (the pattern of correlations did not differ systematically across individual subscales). In the AEH group, higher ratings of neurobehavioral disturbances correlated strongly with more severe impairment in everyday function (Spearman rho = 0.72, P < 0.001) and lower nadir CD4 cell counts (Spearman rho = À 0.42, P = 0.01).
To characterize further the relationship between nadir CD4 cell count and neurobehavioral disturbance, we split our HIV-positive participants into two groups using the standard cut point of 500/mL. As shown in Figure 2 , the 15 individuals with nadir CD4 cell counts <500/mL reported significantly more neurobehavioral disturbances than did the 19 whose counts were Z500/mL (Cohen d = 0.69, P = 0.02). FrSBe ratings did not show a relationship with current CD4 cell count or plasma viral load.
We also examined the cognitive correlates of neurobehavioral disturbances in the AEH group. We saw no statistically significant differences in neurobehavioral disturbances across the groups with HAND. At the domain level, higher neurobehavioral ratings were moderately associated with slower information processing (r = À 0.37, P = 0.031), but we found no significant correlations between total FrSBe ratings and the cognitive domains of attention, learning, memory, motor skills, executive function, or verbal fluency (all P values >0.1).
Associations between FrSBe scores and lifetime substance use disorders and major depressive disorder were all non-significant (all P values >0.1). Individuals with a lifetime history of bipolar disorder had higher ratings for current but not pre-infection neurobehavioral disturbances (Cohen d = 1.17, P = 0.01).
At the suggestion of a reviewer, we conducted further analyses examining whether participants with AEH and a history of bipolar disorder had a greater risk of worsening neurobehavioral disturbances after HIV infection. We calculated the difference between preinfection and current FrSBe T-scores to provide a continuous index of change in self-reported neurobehavioral disturbances. The participants with a lifetime history of bipolar disorder showed a greater increase in neurobehavioral disturbances after infection than those without bipolar disorder (Cohen d = 1.17, P = 0.004).
DISCUSSION
Despite growing evidence of HIV-associated CNS abnormalities early in the course of HIV infection, little is known about the neurobehavioral sequelae of AEH. Our results in this study suggest that individuals in the acute and early stages of HIV infection experience prominent neurobehavioral disturbances. Our HIV-infected participants were 22 times more likely than our seronegative controls to report having clinically elevated levels of current apathy, and 33 times more likely to report elevated current executive dysfunction.
Although similar results are found in persons with chronic HIV disease, our data show at least mild neurobehavioral disturbances even before seroconversion and exacerbated during AEH. Notably, we found that these disturbances were largely independent of psychiatric factors (mood and substance use disorders) and demographic characteristics. Altogether, our data are consistent with the literature on neurobehavioral disturbances in chronic HIV infection (eg, Kamat et al, 2012; Marquine et al, 2014) , and extend the findings to a unique, high-risk subset of the HIV population whose neuropsychiatric symptoms have received little study.
The prevalence and trajectory of different aspects of our participants' neurobehavioral disturbances appeared to vary during the year after HIV infection. Our participants with AEH had elevations in apathy and executive dysfunction before infection, and both disturbances worsened significantly during the first year of HIV disease. Indeed, about one quarter of our participants with AEH had clinical exacerbations, possibly related to early HIV-associated neuropathologic changes.
Findings for disinhibition were more complicated. Before infection, the participants with AEH reported higher levels of disinhibition, but when we included psychiatric factors in the model, this effect was fully dampened. Moreover, the severity of disinhibition did not change notably after seroconversion. This pattern suggests that disinhibition may precede HIV infection and remain stable over the course of the disease (Vo et al, 2013) . In fact, disinhibition, which is prevalent in at-risk populations such as individuals with substance use disorders and bipolar disorder, may be a risk factor for acquiring and transmitting HIV (Kalichman, 2000) .
In chronically HIV-infected groups, neural abnormalities in the nucleus accumbens and frontal cortex are associated with aspects of neurobehavioral disturbances (Hoare et al, 2010; Kamat et al, 2014; Paul et al, 2005) . For example, our research group recently reported that higher apathy ratings in a group of chronically HIV-infected persons were associated with greater white matter abnormalities in the anterior corona radiata, genu, and orbital medial prefrontal cortex (Kamat et al, 2014) . The associations between white matter alterations and apathy were independent of depression and were stronger among participants with lower current CD4 cell counts. White matter abnormalities in the corona radiata also correlated moderately with self-reported executive dysfunction. There were no associations with disinhibition. Thus, since frontostriatal regions appear to be particularly vulnerable to neural damage in persons with early AEH (Ances et al, 2009; Lentz et al, 2009 Lentz et al, , 2011 Young et al, 2014) , early HIV-associated neural abnormalities might underlie these individuals' neurobehavioral disturbances (eg, Bonelli and Cummings, 2007; Kamat et al, 2014) .
In chronically HIV-infected persons, behavioral disturbances (eg, apathy, executive dysfunction, sensation seeking) have been linked to everyday function difficulties, such as needing help to perform instrumental activities of daily living, as well as medication non-adherence and risky sexual practices (eg, Barclay et al, 2007; Gonzalez et al, 2005; Kamat et al, 2012) . Preliminary evidence suggests higher rates of functional dependence in individuals with AEH (Doyle et al, 2013) . This increase may be partly driven by a neurobehavioral disturbance such as apathy. Our data from the present study show that within the AEH group, higher global ratings of neurobehavioral dysfunction were associated with more cognitive symptoms in daily life, dependence in activities of daily living, and unemployment. Neurobehavioral disturbances such as loss of motivation, perseverative thinking, lack of insight, poor judgment, and impulsivity may compromise many critical aspects of interpersonal functions and instrumental activities of daily living.
Thus, early behavioral dysfunction in persons with AEH may predict future difficulties with everyday ≥ 500 (n = 19) FrSBe Total T score Nadir CD4 Cell Count/µL FIGURE 2. Levels of neurobehavioral disturbance, determined by the Frontal Systems Behavior Scale (FrSBe) (Grace and Malloy, 2001) in participants with acute and early human immunodeficiency virus infection whose nadir CD4 cell counts were < 500/mL versus Z500/mL. Box plots represent medians and interquartile ranges for the two subgroups.
function. Our data support the utility of asking persons with AEH about their behavioral disturbances as a supplement to standardized neuropsychological assessments. Future studies may extend our findings by exploring whether AEH-associated behavioral disturbances could also confer risk for medication non-adherence, engagement in HIV transmission risk behaviors, and poor health decision making.
Previous studies suggest that lifetime psychiatric (eg, substance use and mood) disorders, which can also produce neurobehavioral disturbances, are prevalent during AEH (Doyle et al, 2013; Plankey et al, 2007; Weber et al, 2013) . Our data suggest that individuals with a history of bipolar disorder are more likely than individuals without bipolar disorder to suffer a worsening of their neurobehavioral problems after contracting HIV infection; the mechanism of this relationship remains to be characterized, but may reflect involvement of frontostriatal pathways that are affected in both syndromes. In AEH, bipolar disorder also appears to be associated with adverse outcomes in instrumental activities of daily living, routine cognitive function, and employment (Doyle et al, 2013) . The impact of comorbid bipolar disorder and neurobehavioral disturbances may interfere with safer sexual behaviors, thus increasing the risk of HIV infection and transmission. This is a potentially important target for future research. Together, these findings highlight the clinical utility of early detection of behavioral disturbances in at-risk and acutely infected individuals.
With regard to the neurocognitive correlates of neurobehavioral disturbances in AEH, we did not observe an association with HAND, although we did find that neurobehavioral disturbances were related to slowed information processing. This pattern is consistent with prior data suggesting that many individuals with AEH are impaired on measures of information processing speed (eg, Wang et al, 2011; Weber et al, 2013) . Chronically HIV-infected persons with neuropsychiatric disturbances have also been shown to perform worse on tasks of rapid, effortful information processing (Castellon et al, 2000) .
Our finding that inefficient information processing was the only cognitive impairment related to our participants' neurobehavioral disturbances provides preliminary evidence for the specificity of the association between these neuropsychiatric constructs. Impairments in planning, initiation, regulation, inhibition, and monitoring of behavior are key symptoms of apathy, disinhibition, and executive dysfunction. Efficient information processing is closely tied to these five abilities. Given this overlap in symptoms, it is not surprising that the slower processing speed in our participants with AEH was associated with elevated neurobehavioral disturbances. The concurrence of these related but distinct cognitive and behavioral deficits lends support to CNS involvement early in AEH.
Together with prior data showing the relationship between everyday function and the domains of information processing speed and learning in AEH (Doyle et al, 2013) , our results from this study suggest that efficient information processing is fundamental to a broad range of neurobehavioral functions that can be impaired in AEH, while learning is specifically important to general activities of daily living. For example, symptoms of neurobehavioral dysfunction such as impulsivity, sensation seeking, and lack of motivation, combined with slowed information processing, may manifest as risky decision making in quickly evolving social situations (eg, involving substance use or high-risk sexual behavior).
Evidence is mixed regarding the relationship between markers of HIV disease severity and neuropsychiatric impairment in cohorts with AEH. For example, both Marcotte et al (2003) and Weber and colleagues (2013) reported that individuals with AEH and neurocognitive deficits had higher plasma viral loads than cognitively intact individuals with AEH, suggesting that viremia might be associated with worse neuropsychological function. By contrast, Moore et al (2011) found no association between cognitive function and HIV disease markers in their AEH sample.
In our current study, lower nadir CD4 cell counts correlated with worse neurobehavioral disturbances. This finding complements prior research in chronically HIVinfected persons suggesting that lower nadir CD4 cell counts are a risk factor for greater neurocognitive impairment and neuropsychiatric disturbance (eg, Ellis et al, 2011; Valcour et al, 2006) . Individuals with AEH typically have higher nadir CD4 levels than do chronically infected cohorts (Valcour et al, 2012) . However, variability in the higher range of nadirs may be associated with greater risk of cognitive impairment (eg, Ellis et al, 2011; Mun˜oz-Moreno et al, 2008) . Consistent with these data, our participants with AEH and nadir CD4 values of r500/mL had worse self-reported neurobehavioral function.
Our data indicate that even individuals who have relatively high nadir CD4 cell counts during AEH may be at increased risk of irreversible neural injury. Previous studies suggested that starting antiretroviral therapy early may slow the trajectory of inflammatory CNS changes (Young et al, 2014) and may prevent further immunosuppression, thereby reducing risk of neuropsychiatric impairment (Ellis et al, 2011) . Our data indicating that neurobehavioral disturbances arise early in HIV infection may bolster the argument for beginning antiretroviral therapy soon after diagnosis.
Our investigation had several limitations. One was our sample size. The AEH population is smaller and more difficult to recruit than the chronically infected HIV population. A larger, well-characterized AEH cohort would improve future studies.
A second limitation was that a cross-sectional study like ours does not permit examination of the relationships among neuropsychiatric disturbance, cognition, and function over time. Because these factors likely have diverse trajectories, a well-controlled longitudinal study could tease them apart.
A final limitation was the study's partial reliance on self-reported data. The accuracy of our self-report measure of neurobehavioral dysfunction may have been affected by bias, depression, and/or mild anosognosia (Blackstone et al, 2012) . The same could be true for our measures of functional impairment, which were also based on self-report. Because our participants were relatively young, few had caregivers who could have provided collateral information for informant reports. Still, the construct validity of the FrSBe in HIV-infected cohorts is supported by its relationships with other measures of neurobehavioral disturbance (Marquine et al, 2014) and neuroimaging (Kamat et al, 2014) . Moreover, FrSBe data from other groups with frontostriatal system injury show agreement between self-and informant-reported neurobehavioral disturbances (Barrett et al, 2013; Chiaravalloti and DeLuca, 2003; Grace et al, 1997) .
Future studies may benefit from assessing behavioral disturbance with objective measures of everyday function (eg, performance-based assessments and electronic medication adherence tracking) and clinical interviews like the Neuropsychiatric Inventory (Cummings et al, 1994) .
